Cell Programmed Sperm DNA Breakage by Topoisomerase (DNA) II Beta During the chromatin condensation that accompanies spermiogenesis, the entire paternal genome suffers approximately 5 to 10 million double-strand DNA breaks as a matter of necessity (Fig. 1A) . These double-strand DNA breaks are caused by topoisomerase (DNA) II beta (TOP2B) [1] [2] [3] , one of two variants of topoisomerase II (TOP2), which unwinds and untangles DNA by creating a transient DNA double-strand break and passing one DNA strand through the break (see Fig.  1B ) [4, 5] . Spermiogenesis has a unique requirement for decreased supercoiling as histones are removed and protamines are deposited in their place. This is because protamine-bound DNA is less supercoiled than histone-bound DNA; protamines induce wider supercoils that are more efficient for packing DNA into a smaller space than histones [6, 7] (Fig. 1A) . TOP2B relieves the supercoils, facilitating the displacement of histones during spermiogenesis.
PARP1 is the founding member of a family of nuclear proteins that regulate chromatin structure [10] . Recent studies suggested that PARP1 might play a role in TOP2 activity, but Meyer-Ficca et al. [9] were able to demonstrate that PARP1 can inhibit TOP2B activity directly in vitro using recombinant enzymes and that PARG prevents this inhibition. They also provide evidence that a PARP1 inhibitor increases the number of DNA breaks induced by TOP2B in vivo using two strains of mice that lack Parp1 or Parg. The authors propose an intriguing model in which each cycle of TOP2B DNA breakage and rejoining is accompanied by a cycling of PARP and PARG activity. In this model, PARP1 binds TOP2B as it cleaves DNA, then undergoes autopoly(ADP-ribosyl)ation. This causes TOP2B to release the DNA while completing its DNA strand passage. PARG then digests the poly(ADP-ribose) from PARP1, which, in turn, separates it from TOP2B, allowing the cycle to repeat itself. This model suggests an elaborate biochemical regulation of each TOP2B DNA unwinding cycle. The identification of PARP1 as the TOP2B regulator during histone removal and protamine deposition is particularly interesting because of PARP1's well-established roles in histone modifications.
TOP2 at the Crossroads Between DNA Replication (Life) and DNA Degradation (Death) TOP2 is ubiquitously involved in functions that require manipulation of DNA folding. In addition to its role in histone displacement during spermiogenesis, TOP2 is important for DNA replication [11, 12] , chromosome segregation [5, 13] , and apoptosis [14, 15] . Its role in cell death has been the most enigmatic because, in this case, the strand passage reaction appears to stop midway at the point where the DNA is cleaved (Fig. 1B) . Nucleases then complete the apoptotic digestion of the chromatin [14] [15] [16] . It is possible that TOP2 is part of an as yet undefined checkpoint that determines whether the cell progresses along its course of cell replication or differentiation (such as spermiogenesis) or defaults to apoptosis. TOP2B's role in apoptosis has been suggested as another possible source of double-strand DNA breaks in mature spermatozoa that result from so-called abortive apoptosis during spermiogenesis [8] . In epididymal spermatozoa, TOP2B can be induced to cleave the entire paternal genome into fragments of 25-50 kb [17, 18] before nucleases can digest the DNA. The report by MeyerFicca et al. [9] suggests an intriguing solution to the first part of this quandary, that is, PARP1 and PARG may also play a role in TOP2 regulation during apoptosis. Perhaps TOP2 cannot complete its DNA strand passage in apoptosis because PARP1 is not present to induce the last step of the cycle.
Is TOP2B the Biochemical Signal for DNA Damage?
An important aspect of TOP2B transient DNA breaks is that they are not seen by the cell, as such. Each of the cleaved DNA strands is covalently linked by the 5 0 OH to a tyrosine residue in one of the homodimers that make up TOP2B (see Fig. 1B ) [19] . Based on the crystallographic structure of this complex, the free 3 0 ends appear to be sterically concealed by the TOP2 [20] . The double-strand breaks caused by TOP2 are therefore not typical DNA damage motifs. This point was raised by Meyer-Ficca et al. [9] when they stated, ''Typically, the enzyme-bridged DSBs transiently introduced by type II topoisomerases do not elicit a DNA damage response.'' It is therefore probable that PARG recognizes the conformational change in TOP2B as it transitions from DNA binding to the cleavable complex, rather than the DNA break itself. The authors may have been thinking along these lines because the summary model that they present shows PARP1 binding to one conformation of TOP2B and not the other. In their version, PARP1 seems to stimulate TOP2B to complete its DNA strand passage, thereby resealing the DNA break. If so, this may set a larger precedent for the regulation of TOP2 in its other functions in apoptosis and DNA replication, that is, TOP2B's conformational changes, rather than the DNA breaks it mediates, may initiate the cell's responses to DNA breaks.
Reproductive Biology as a Window to Cell Biology
The unique requirement for DNA unwinding during spermiogenesis helped bring this aspect of TOP2 regulation to light, illustrating once again that reproductive biology provides novel insights to the larger field of cell biology. This is not the first time that the unique chromatin and nuclear models in reproductive biology have led the way toward solving more general biological problems. The most famous example of this is the identification of cyclins controlling the cell cycle; these proteins were originally discovered in Xenopus oocytes [21, 22] , but there are others. The work by Meyer-Ficca et al. [9] on the regulation of TOP2B during spermiogenesis helps unravel some of the questions surrounding the functions of the ubiquitous TOP2 chromatin regulator.
